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ABSTRACT

A theory for analyzing the behavior of adaptive phased array antennas illuminated by a near
field interference test source is presented. Conventional phased array near field focusing is used
to produce an equivalent far field antenna pattern at a range distance of one to two aperture
diameters from the adaptive antenna under test. The antenna is assumed to be a linear array of
isotropic receive elements. The interferer is assumed to be a bandlimited noise source radiating
from an isotropic antenna. The theory is developed for both partially and fully adaptive arrays.
Results are presented for the fully adaptive array case with single and multiple interferers which
indicate that near field and far field adaptive nulling can be equivalent. The adaptive nulling
characteristics studied in detail are the array radiation patterns, adaptive cancellation, covariance
matrix eigenvalues, and adaptive array weights.
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1. INTRODUCTION

Electrically large phased array antennas having partially adaptive or fully adaptive nulling
capability are often suggested for radar or communications applications. The adaptive nulling
performance of these antennas is principally tested using conventional far field antenna ranges
with far field (or plane wave) interferers. At microwave frequencies, this can lead to significant
far field range distances which require that testing be made outdoors. For example, given a
20-m aperture at L-band, the usual far field range criterion R = 2D?/X yields a distance of
approximately 3.5 km. Multiple, widely separated interferers make the far field range design
more difficult. Near field testing, suitable for indoor measurements, is desirable as has been
demonstrated in the case of near field scanning (1] for far field pattern determination and compact
range reflector techniques [2] for far field radiation pattern and radar cross section determination.

Conventional near field scanning does not appear practical in the adaptive nulling antenna
situation, as a mathematical transformation is usually required to determine the far field per-
formauce. Adaptive nulling requires a real-time interference wavefront. Furthermore, near field
scanning reported in the literature is strictly single tone and is not compatible with adaptive
nulling tests which often require the presence of a wide-bandwidth noise interferer (jammer). A
compact range reflector is applicable to near field adaptive nulling as it generates a real-time
wavefront. However, the compact range reflector does not easily lend itself to multiple widely-
separated interferers. Thus, an alternate approach to adaptive array near field testing needs to
be considered.

If the requirement for plane wave test conditions is relaxed and spherical wave incidence is
allowed, as will be shown, for a focused phased array antenna, near field testing with a fixed
isotropic interferer is possible. It is shown, by example; that at one to two aperture diameters
range, J near field interferers (where J is a number typically less than the number of adaptive
array channels) can be equivalent to J far field interferers. The contrast between plane wave
incidence and spherical wave incidence is depicted in Figure 1-1. The amount of wavefront
dispersion observed by the linear array is a function of the bandwidth, array length, and angle
of incidence. Interference wavefront dispersion is an effect which can limit the depth of null (or
cancellation) achieved by an adaptive antennal3].

A basic dispersion model for spherical wave incidence and plane wave incidence can be made by
considering only the wavefront dispersion observed by the end points of an adaptive array. This
calculation is useful in gaining some initial insight into how near field (NF) nulling will relate to
far field (FF) nulling. Consider first, a plane wave arriving from infinity and an array of length L
as shown in Figure 1-1(a). The dispersion for this case is denoted ypp and is computed according
to the product of bandwidth and time delay as

BL
YFF = T,BFF (1.1)

where B is the nulling bandwidth and c is the speed of light. In Equation (1.1) the quantity Brp
will be referred to as the far field dispersion multiplier, which is simply given by
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BrF = cosé; (1.2)

where 6; is the angle of incidence with respect to the axis of the array. Note that the dispersion
is maximum for endfire incidence (f; = 0) and is zero for broadside incidence (6; = 7/2). Next,
consider the same array and now a point source, at range r = r; and angle 6 = 6;, which produces
a spherical wavefront as depicted in Figure 1-1(b). The near field dispersion, denoted ynF, is
given by

BL
YNF = —c—ﬂNF (1.3)

where the quantity Sy r denotes the near field dispersion multiplier which, from the difference
between the path lengths r’i and 7}y, is expressed as

1 it
ﬂNF=\/012+acost9i+z—\/012—00059i+2 (1.4)
where

and where F is the focal length of the array such that ; = F. In comparing Equations (1.1) and
(1.3), the far field and near field dispersions differ only by their respective dispersion multipliers
Brr and Byrp. If near field nulling is equivalent to far field nulling then Equation (1.2) must
be equal to Equation (1.4). Figure 1-2 shows a plot of Brr and ByF vs angle of incidence for
values of a=0.2 to 2 (that is, focal lengths 0.2L to 2L). From this figure it is seen that the near
field dispersion approaches the value of the far field dispersion for source range distances greater
than approximately one aperture diameter (a > 1). Clearly, at source range distances such that
a < 0.5 (one-half aperture diameter) the near field dispersion is significantly different than the
far field dispersion. Thus, for this simple dispersion model it is expected that near field adaptive
nulling will be similar to far field nulling at source range distances greater than one aperture
diameter.

A more precise dispersion model is essentially the characteristics of the interference covariance
matrix—namely its eigenvalues or degrees of freedom [3,4]. The covariance matrix contains all
wavefront dispersion presented to the adaptive channels, not just the contributions from the array
edge as modeled above. The interference covariance matrix eigenvalues can be used to quantify
and to compare the dispersion present for plane wave and spherical wave incidence. For near
field adaptive nulling to be equivalent to far field adaptive nulling, it is assumed that the NF/FF
interference covariance matrix eigenvalues must be equivalent. Additionally, it is assumed that
the NF/FF adaptive array weights, cancellation of interference power, and radiation patterns
must also be equivalent.

An example of near field adaptive nulling has been given by Hudson [5]. A two-element array
with a single near field CW (continuous wave) interferer was investigated. It was shown that

3
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a null could be formed at a near field point. However, no attempt to determine if there is any
similarity between near field and far field nulling was made.

Investigations of NF/FF adaptive nulling for linear arrays of isotropic receive elements have
been performed [6,7]. Near field adaptive nulling results for a single interferer at a range of 1.7L
for sidelobe canceller [6] and fully adaptive [7] arrays have been presented. The effects of nulling
bandwidth were taken into account. Comparisons with far field adaptive nulling indicated an
excellent NF/FF equivalence. A detailed analysis of near field adaptive nulling in the range of
one to two aperture diameters has been given for a sidelobe canceller [8]. The purpose of the
present report is to investigate the corresponding behavior of a fully adaptive array.

This report is organized such that, a theory for analyzing and comparing both near field and far
field adaptive nulling is presented in Section II. General adaptive nulling concepts are addressed
first. Near field focusing and the near field nulling concept are then described. The theory is
developed for the situation of a linear array of isotropic receive elements and isotropically radiating
interference sources. Equations for the NF/FF covariance matrices and radiation patterns of fully
adaptive and sidelobe canceller adaptive arrays are given. A discussion of the boundaries of the
near, Fresnel, and far zones is included. The emphasis of this report is on near field nulling
although the theory is equally valid in the Fresnel zone. In Section III, results are presented
which show that, at one to two aperture diameters range, a fully adaptive array responds in the
same manner to near field sources as it does to far field sources. Application of this near field
technique to testing main beam clutter cancellation is documented [9].



2. THEORY

2.1 GENERAL ADAPTIVE NULLING CONCEPTS

Consider an N-element linear array of isotropic point receiving antennas. Let an interference
wavefront be impressed across the array, which results in a set of induced terminal voltages
denoted as vy, vy,---,vn. As shown in Figure 2-1, two types of arrays will be considered—fully
adaptive arrays and sidelobe canceller arrays. The number of adaptive channels is denoted as
M. For the fully adaptive array M = N, and for the sidelobe canceller M = 1 + N,,. where
Ngyz is the number of auxiliary channels. In this report, ideal weights are assumed with w =
(wy,ws,---,wpr)T denoting the adaptive channel weight vector and W = (W, Wy, -, Wx)T
denoting the sidelobe canceller array element weight vector, as shown in Figure 2-1 (superscript
T means transpose). The fundamental quantities required in fully characterizing the incident
field, for adaptive nulling purposes, are the adaptive channel cross correlations.

The cross correlation R,,, of the received voltages in the mth and nth adaptive channels is
given by

Rpn = E(vmv:l) (21)

where * means complex conjugate and E(-) means mathematical expectation. Since v,, and v,
represent voltages of the same waveform, but at different times, R,,, is also referred to as an
autocorrelation function .

In the frequency domain, assuming the interference has a bandlimited white noise power spec-
tral density, Equation (2.1) can be expressed as the frequency average

1 rf2 .
Ron =g [ onlpat (22)

where B = f; — f; is the nulling bandwidth and f. is the center frequency. It should be noted
that v, (f) takes into account the wavefront shape which can be spherical or planar.

Let the channel or interference covariance matrix be denoted by R . If there are J uncorrelated
broadband interference sources, then the J-source covariance matrix is the sum of the covariance
matrices for the individual sources, that is,

J
R=Y R +1I (2.3)

i=1
where R; is the covariance matrix of the ith source, I is the identity matrix which is used to
represent the thermal noise level of the receiver.

Prior to generating an adaptive null, the adaptive channel weight vector, w, is chosen to
synthesize a desired quiescent radiation pattern. When interference is present, the optimum set
of weights, denoted w,, to form an adaptive null is computed by [10]
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we =R w, (2.4)

1

where " means inverse and w, is the quiescent weight vector.

The output power at the adaptive array summing junction is given by
p=w -R-w (2.5)

where ! means complex conjugate transpose. The interference-plus-noise to noise ratio, denoted
INR, is computed as the ratio of the output power (defined in Equation (2.5)) with the interferer
present to the output power with only receiver noise present, that is,

T
w' - R -w
INR = ey (2.6)
wl-w
The adaptive array cancellation ratio, denoted C, is defined here as the ratio of interference
output power after adaption to the interference output power before adaption, that is,

Pa
C == 2.7
o (2.7)

Substituting Equation (2.5) in Equation (2.7) yields

wel R w,

C= (2.8)

'qu-R-'wq'

Next, the covariance matrix defined by the elements in Equation (2.2) is Hermitian (that is,
R = R') which, by the spectral theorem, can be decomposed in eigenspace as [11]

M
R=Y Meie] (2.9)
k=1

where Ag,k = 1,2,---, M are the eigenvalues of R, and e;,k = 1,2,--., M are the associated
eigenvectors of R. The covariance matrix eigenvalues (A1, A2, -+, Apr) are a convenient quantita-
tive measure of the utilization of the adaptive array degrees of freedom.

2.2 NEAR FIELD FORMULATION

2.2.1 Focused Near Field Nulling Concept

To properly utilize the near field nulling technique described here, it is assumed that the
quiescent near field radiation pattern of the array should have the same characteristics as the
quiescent far field radiation pattern of the array. This means typically that a main beam and
side lobes should be formed. To produce an array near field pattern which is approximately equal
to the far field pattern, phase focusing can be used [12]. Consider Figure 2-2 which shows a

9
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CW calibration source located at a desired focal point of the array. The array can maximize the
signal received from the calibration source by adjusting its phase shifters such that the spherical
wavefront phase variation is removed. One way to do this is to choose a reference path length
as the distance from the focal point to the center of the array. This distance is denoted rr, and
the distance from the focal point to the nth array element is denoted rX. The voltage received
at the nth array element is expressed as

ed2m(rr—rE)/xc

where ). is the wavelength at center frequency f.. To maximize the received voltage at the array
output, it is necessary to add ¥, radians to the nth element, that is,

Y, =2n(rf —rp)/A. (2.11)

The resulting radiation pattern at range rr looks much like an ordinary far field pattern. A main
beam will be pointed at the array focal point. Side lobes will exist at angles away from the main
beam. An interferer can then be placed on a near field side lobe, at range r; = rg, as depicted in
Figure 2-2.

2.2.2 Covariance Matrix

The near field covariance matrix elements are derived in the following manner [8]: Refer to
Figure 1-1(b) which shows the near field geometry under consideration. An interference source,
whose power spectral density is assumed to be bandlimited white noise, is represented by the
index 7 in a set of J sources. Let it be assumed that the power received at the center element
of the array from the ith source, denoted P;, is measured relative to thermal noise. The voltage
received by the nth array element is then given by

e—j27rfr:',/c
il (2.12)

1
rn

o
I
3

where 7!, is the distance between the nth array element and the interferer. Substituting Equation
(2.12) in Equation (2.2) and integrating, gives the correlation between either two channels in a
fully adaptive array or two auxiliary channels in a sidelobe canceller array, as

2 ; in(rB
RNF = pTi_e=s2wrmnt S0 Bmn) (2.13)
FRLpL T BTmn
where r; is the range from the array center to the interferer and
Tmn = (T — Th)/€ (2.14)

11



is the interferer time differential factor between elements m and n. In Equation (2.13), r? has
been included as a convenient normalization factor.

Next, for a sidelobe canceller array, the main channel received voltage is expressed as

—_127rfr,,/c

Uain = 3/ By Z Wo———— (2.15)
m

Substituting Equations (2.12) and (2.15) in Equation (2.2) and integrating yields the cross cor-
relation between the main channel and the nth auxiliary channel

N =127 Tmn fe o}

NF 5.2 e € sin{(m BTmn)

Rifinau, = Pri 35 Wa o S @10
The main channel cross correlation is found using Equation (2.15) in Equation (2.2) as
N N —j2xTmnfe g

NF wvrr € sin(7BTmn)

Rmam main P'T Z Z W W ri i 7 BT (2.17)
m=1n=1 m'n mn

2.2.3 Array Radiation Pattern

In this section, equations used to compute antenna near field focused directive gain patterns are
given [8]. These patterns are in contrast to the near field pattern of a far field focused array. In the
near field region, taken here as one to two aperture diameters, if the antenna is near field focused,
the pattern will be approximately the same as a far field focused /far field observed pattern. This
is assumed desirable for near field nulling because the quiescent near field conditions can be made
to look the same as the quiescent far field conditions.

Let 7, be the observation range relative to the midpoint of the array antenna and let 2] be
the location of the nth array element. Next, let 7], be the distance from the observation point to
the nth array element. The near field radiation pattern can be calculated by superposition of the
spherical waves received at the array elements. These received signals are appropriately weighted
by either the adaptive array weights in the case of a fully adaptive array, or by the array weights
and auxiliary channel weights in the case of a sidelobe canceller array.

The antenna directive gain pattern is defined by the ratio of the radiation intensity to the
average radiation intensity. For a fully adaptive (FA) linear array, assuming \/2 element spacing,
the near field directive gain pattern is given by

N —ik(rn—ro)
r2| O wy SR 2 G5
N :
Em:l [wml2

DFA 0’0) =

where, from the law of cosines,

12



nl = \/:3 + (21)? — 27152}, cos 0 (2.19)

and k = 27/ is the propagation constant.

The radiation pattern of the sidelobe canceller adaptive array is equal to the sum of the main
channel radiation pattern and the weighted auxiliary channels radiation pattern. For a sidelobe
canceller (SLC) array, the near field directive gain pattern is found to be (8]

DY¥fo(ro,0) = (2.20)

e~ % (raux,, —ro)

« N » e~iklrn—r0) Naux ,,*
wl En:l Wﬂ r:_l + Em:l wauxm

2
T
< TauX,,

w12 (A1 [Wal? + 2Re (w1 SRS Wax Wi, ) + Zhe% lwaux,[2)

where w; is the main channel weight and Re(-) means real part. It should be noted that the
shape of the near field patterns given by Equations (2.18) and (2.20) is controlled by the quantity
in the numerator (radiation intensity) and is exact. The denominator in Equation (2.18) and
in Equation (2.20) is the average radiation intensity, which controls only the gain level, and has
been computed by assuming that the NF average radiation intensity is equal to the FF average
radiation intensity. This is equivalent to neglecting the squared and cubic phase terms in the
integration of the NF radiation intensity.

2.3 FAR FIELD FORMULATION

2.3.1 Covariance Matrix

For a far field interferer, the covariance matrix elements are readily determined using the near
field results presented in the previous section. In the far field (range is infinity) the interferer
distance from the nth element is given by

Th = To — 25, €08 0;. (2.21)

Substituting Equation (2.21) in Equation (2.14) yields the far field interferer time differential
factor

) )
7EF _ (2, z,:)coso,. (2.22)

Substituting 755 for 7,n, in Equation (2.13) and letting r tend to infinity gives the far field
interference correlation between two auxiliary channels, as

3 FF
FF _ p —j2 ,ﬁ,‘;'fcsm(‘”BTm )
Rmn = P,e JemT, Tnp;fn (223)

Similarly, in the far field Equations (2.16) and (2.17) reduce to

13



RFF . P Z w't —]21r‘rFFf Sln(ﬂ.B ) (224)

main,auxy WBTFF
m=1

and

RFE. =P, Z Z W W2 1. 80T B s ) (2.25)

main, main 7TBTFF
m=1n=1

2.3.2 Array Radiation Pattern

In the far field the observation distance from the nth element is given by

T, = To — 2, €08 0. (2.26)

n

For a fully adaptive array, the far field directive gain pattern, assuming A/2 element spacing, is
found by substituting Equation (2.26) in Equation (2.18) and letting the range tend to infinity,
with the result

| Eﬁ:l w;ejkz:‘ c050|2

N
Em:] |wm|2

Dgi(6) = (2.27)

Similarly, for a sidelobe canceller array, the far field directive gain pattern is found by substi-

tuting Equation (2.26) in Equation (2.20) with the result
D§fe(6) = (2.28)
N Wieikmeost | SNawx 1 eikziuen, cosvf

[wil? (ZaCs [Wal? + 2Re(w: Tho Waux,, hux,,) + Dnes wauxa[?)

2.4 NEAR FIELD BOUNDARY

The hemispherical volume in front of an antenna can be categorized by three regions: near,
Fresnel, and far zones. A simple equation for computing the maximum range of the near zone
(or beginning of the Fresnel zone) is [13]

,L3

Normalizing this distance by the aperture length yields the near zone range inequality

r L
- <0. —. 3
L—062\/)\ (2.30)

14



For a given r/L, the minimum aperture length, Luy;,, which satisfies Equation (2.30) is expressed
as
r

Lunin = 2.6(3

Je (2.31)

In this report, the maximum finite range considered is two times the aperture length, that is,
r/L = 2. Substituting r/L = 2 in Equation (2.31) yields Luyin = 10.4\. The adaptive array
example considered in this report has L = 15.5)A which means that the near field criterion is met.

15



3. RESULTS

3.1 FOCUSED LINEAR ARRAY QUIESCENT CONDITIONS

Consider a 32-element linear array with one-half wavelength element spacing at center frequency
1.3 GHz. The array length for this case is 11.73 ft (3.58 m). Focal lengths of L, 1.5L, and 2L
will be examined. A scan angle of 30 degrees from broadside and a Chebyshev illumination
which generates —40 dB uniform far field side lobes are assumed. The amplitude of the array
NF/FF quiescent weights (w, ) is independent of range, as shown in Figure 3-1, because ‘phase-
only’ focusing is assumed. After positioning a CW radiation source at the desired scan position,
the near field phase focusing relation given by Equation (2.11) is used to generate the relative
phase commands at each array element. The resulting near field focused/near field observation
quiescent patterns are shown in Figure 3-2. Figure 3-2(a) shows the near field result (dashed
curve) obtained at F//L = 1. Included in this figure is the conventional far field pattern (solid
curve) observed at infinite range under the condition of focusing at infinite range. Figures 3-2(b)
and 3-2(c) give the corresponding results at F/L = 1.5 and F/L = 2, respectively. It can be
noted that the near field side lobe envelope behaves much like the far field side lobe envelope,
except in the vicinity of the main beam and at endfire. Also, notice that the near field nulls and
far field nulls are not aligned. As the near field range increases from L to 2L it is observed that
the near field pattern behaves more like the far field pattern.

3.2 FULLY ADAPTIVE ARRAY BEHAVIOR

In this section the adaptive nulling characteristics of a fully adaptive 32-element linear array
are investigated. The covariance matrix size is 32 x 32 in this case and so there are 32 eigenvalues
or degrees of freedom. The array quiescent conditions are the same as those described in the
previous section. The quiescent radiation patterns were shown in Figure 3-2. Near field ranges
of F/L =1, 1.5, and 2 are examined. In all near field examples, the interference source range and
focal range are equal. For the example array size, the actual near field test distances are 11.73 ft
(F/L=1),17.60 ft (F/L = 1.5), and 23.46 ft (F/L = 2). The far field test distance is assumed
to be at range F/L = ooc.

3.2.1 Single Interferer

Consider the case of one interference source (J=1). Let an interferer, with power 50 dB above
receiver noise at the array output, be located at § = 33° both for finite range focused and
infinite range focused arrays. Note that the interferer lies on the fifth side lobe to the left of
the main beam. Initially, two nulling bandwidths will be considered: B = 1 MHz (narrow band,
BLcosf/c = .01) and B = 100 MHz (wide band, BL cosf/c = 1.0).

For B = 1 MHz, the adaptive array radiation patterns, at center frequency 1.3 GHz, are
shown in Figure 3-3. Figure 3-3(a) is for a near field range of one aperture diameter (F/L =1).
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Figures 3-3(b) and 3-3(c) are for near field ranges of 1.5L and 2L, respectively. For each case,
the adaptive cancellation ratio was computed to be 50 dB. This is expected because ideal nulling
weights are used and there are 32 degrees of freedom available for canceling the interference.
The consumption of adaptive array degrees of freedom is depicted in Figure 3-4. It is seen that
two eigenvalues are significantly above the receiver noise level. The remaining eigenvalues are at
the receiver noise level (0 dB); thus, only two degrees of freedom are engaged. The near field
eigenvalues are in good agreement with the corresponding far field eigenvalues indicating that the
degrees of freedom are consumed the same. The amplitude of the adaptive array NF/FF weights
(w,) is given in Figure 3-5 and good agreement is evident. To show the sensitivity of a near field
null to range and angle a two dimensional contour radiation pattern is given in Figure 3-6. The
pattern in Figure 3-6 has been computed for the F//L = 1 case.

Next, for B=100 MHz, the adaptive array radiation patterns are shown in Figure 3-7. Again,
for each near field range considered, the adaptive array cancellation ratio was computed to be
50 dB. Since the bandwidth has increased, more degrees of freedom are consumed but there are
still ample degrees of freedom remaining. In Figure 3-8, it is seen that six eigenvalues are above
the receiver noise level. Equivalently, six degrees of freedom are consumed. This is true both
for the near field and far field degrees of freedom. The amplitude of the adaptive array NF/FF
weights is depicted in Figure 3-9. Only minor differences between the NF and FF adaptive weights
are observed.

To compare near field and far field consumption of the adaptive array degrees of freedom as a
function of nulling bandwidth, the dominant eigenvalues of the interference covariance matrix are
presented in Figure 3-10 in the range (1 < F//L < 2). Figure 3-10(a) shows near field and far field
eigenvalues (A;, Ag,---, A7) for F/L = 1. Figures 3-10(b) and 3-10(c) show the corresponding NF
and FF eigenvalues for F/L = 1.5 and F/L = 2, respectively. Notice that each of the near field
and far field eigenvalues are in good agreement, that is, \VF a M'F ANF & MF ... ANF o \FF,
It is observed that the near field eigenvalues are not particularly sensitive to range.

3.2.2 Multiple Interferers

To demonstrate the validity of the NF/FF adaptive nulling equivalence for multiple sources,
consider the previous array case (N=32) and now where there is a large number of interferers,
say J = 31. Let the interferers be uncorrelated and uniformly distributed across the field of view
with five-degree spacing covering 5° < 6§ < 170°, excluding the main beam region. The quiescent
weights and quiescent radiation patterns were shown in Figures 3-1 and 3-2, respectively. The
nulling bandwidth is assumed to be 1 MHz. The total amount of interference power before
adaption is adjusted to be 50 dB above noise at the array output.

The array NF/FF adaptive radiation patterns, at center frequency 1.3 GHz, are shown in
Figure 3-11. It is observed that nulls are formed at the interferer positions for both NF and FF
patterns. The NF/FF main beam and side lobe characteristics are approximately equal. The
cancellation ratio was computed to be (48.7 dB, 48.4 dB, 48.4 dB, and 48.4 dB) for ranges (F/L =
1, 1.5, 2, and o0), respectively. Note that complete cancellation, C=>50 dB, has not been achieved
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here because the interference is significantly stressing the adaptive array degrees of freedom. This
is observed in Figure 3-12 which shows that all of the covariance matrix eigenvalues are above
receiver noise. Note that there is good agreement between the NF and FF eigenvalues. Finally,
the adaptive array weights are shown in Figure 3-13. Although there is some shape difference
between NF and FF weights, their dynamic ranges are similar. It is observed that the dynamic
range covered by the weights is increasing with decreasing range.

From the above results, it is concluded that 31 near field (or point source) interferers, arranged
equivalently in terms of angle, are equivalent to 31 far field (or plane wave) interferers. A
generalization of this statement would be that J near field interferers are equivalent to J far
field interferers. This observation is consistent with additional simulations [8] not considered
here.
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4. CONCLUSION

This report has introduced an approach to testing adaptive arrays in the near field. A theory
for analyzing the behavior of an adaptive array operating in the presence of near field interference
has been developed. The adaptive antenna has been assumed to be a linear array of isotropic
receive elements and the near field interference is assumed to radiate from an isotropic antenna
(point source). Near field focusing has been used to establish effectively a far field pattern in
the near zone. The near field range of interest here has been taken to be one to two aperture
diameters of the antenna under test. The theoretical section has addressed both sidelobe canceller
and fully adaptive arrays. Equations for calculating the adaptive array covariance matrix and
antenna radiation patterns, for near field (spherical wave) and far field (plane wave) interference
were given. Numerical simulations of a fully adaptive linear array indicate that the radiation pat-
terns, adapted weights, cancellation, and covariance matrix eigenvalues (degrees of freedom) are
effectively the same for near field and far field interference. Both single and multiple interference
conditions have been analyzed. It has been shown, by example, that J near field interferers in
the presence of a near field focused adaptive array are equivalent to J far field interferers in the
presence of a far field focused adaptive array. That is, a one-to-one correspondence can be made
between near field interferers and far field interferers. The results are expected to be applicable to
large planar arrays. Thus, a phased array antenna adaptive nulling system designed for far field
conditions can potentially be evaluated more conveniently using near field interference sources.
In practice, the interference source antennas can likely be implemented using dipoles or horns.
Experimental verification of this technique is desirable.
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